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Osrfeifiod that ttjo v/otfe pj^ osofitod in ^ i s 
t t o i § ia tho ori^imSi tiogli ol ta-* l^ srtohms rteori 
too wftdor aup©aevi©ioR« 
l)opa3ftnon| of Ptoie®* 
m^Qth i.tjsiio uwivc^ityi (OMJ rmw fCHArm) 
WM' 
ttm t&osln tola ^ t h tij© swjtotiooal opsisto of 
oolssfojlsss aii^ la ^ividmJ listo to^tio ^feoptiro* ^m npoctm 
©f tbesG hal^s kme^ horn i^th a iSts/^ 
laltmtai^ osciUatojr sa wU, v i l^ m kite^ott 
ifniisfoiaar* 
vfeiljlo baul s ^ t o of citmoJJwido Tho 
boc^ vdth th© litip cd ssli^ msmm 
©aeillutfitr n^d nearly 110 dis^ e^adc^ d Itonds tmm 
m w t o t ^ bffifttis bf alisocprtto^ Hho 
Ste^toO Hi ttm (3# (2* 21t C4t oneai 
bcrt^ of this to bQm in th® 
of ® 3S f t ^mccm ^sratlrip llie 
to krce^rst to l > « i rosolwsd 
apotatiotidl cemtots for i^m Jfe^Br g^j-^^r aoiotfyios 
haw !>©€m d©t0Xtiii»Qd« th© atetSy -of th© st^Monal stmsctm^ 
olongBiith & dotailfi!<S <iiscti$sion of tte i<s«figiiBi* 
tim eng^oa tii© d®t63$3lmtio» tho pjcfealjlo olcfctrqciic 
tsamiticm* 
Onaptor I I ilcjila tdtb t l^ spo^ ctxuo of 
141 
atmtwire of a i , iB-t, 0), 0)t I.H COt 
(0, 7) ots^  l l , 4) iJiSKl^  tdHit ^ of id^ o " 
c©eliX0t^ sir hm Iwf i in tlie i»<laif 
« f « 3S f t c^Mim ^dttiig Bpmiim^m^^ 
^mm^tstu ^ ta© wlfflcuJ^ij Sl^Sr iiiKl 
fe^ bmm icSatsli^* A otwdy M nm vm^iim^l u u m ^ Q 
w^m^^ ^ t ^ um^Uxx^ iM HUM'S Cc) t W t tfe^ r®** 
f w o t l^ ©l^^toftlc fe^ bms^  cc^lut^d to l>o 
Oijspter 1X1 tol^ a ^ n i m iipcjctsvo of 
i i ^ t o tsAtI* l-^lp <3€ 
laiessoamro ^K^ciUator* ti^o sestational stmis^sgo of titc 
CO, iOp 1} ogKi (i^ 0) hm^ te IMC w^tm hm 
ptjctoof-ar^sS tfeo ftCHJOiia ©ssJter ^f « f t ^ssstls^ 
tiaw liscm ic^ f i t l f i ^ umt to cGEf^ -to:;© t j w 
fotsnd to iKj tfoo ®sc® m that fey liod 
trlmm Crocs ttio rotatiofjal anatvais of tfia .^ystca in 
fbwfpftloB^ A deiijliod difoit^ion tlsu tjmmi-
t t o ifwsivoa in tbe s ^ t e has bcjori ^^mn* 
1110 ilifCoront io this tlio^ijs inrittoii 
M i 
III IS imt^ mitdblci pwblic^^fi* Ba^h ohspt^ et^toto 
igttxo^cUm iB ocffc flTOO^ 
iUl thcr ipfcapfe in this th&^H hm bom 
iMtiMs^* pm^mstxbmt GS»CI cjci^iirlrad wjidof tk^ te|>i3rSfi0 
of Allfajeli 
amZM iMmmitt^ Mi^mhi to s^m g^t^tul. tterte 
X m Qsf^ -toful to s^ex^ oaaui? Bul^ tioad of t l^ 
tsepas-tii^ nt ©f MIfsft j l ^ l l o iMmmitt* Ali^aa^ 
f ^ Ills Qm^^m^ Sffitw^st 4ifKS in thm^  ps^s^m 
of tte a^sfe, t m toftitttl to tlio Cdiswjll- of 
4>f & Bw$m foUmsPiliJ in e tooaJS^ SGIW» ^ 
1 tfeia to- oitpgroaa la^ f docp sense of 
^ratittid© to Sicjiisl l&l f m tho kimJ poxsdusto 
oftd hoslp t© 3reco3?d specto on 35 f t cmcme. grating 
at tfee Depcirts^t cHT 
Vdsmnaai- Thiji^s &m nJai? to to my a l l tmfi^m^ eM 
at Vaiansiii for variod of t^lp and 
msmt ©erxi^jwd to m* 
I with to my tltar^ to M tlio cc^Xoii^ o^s 
llf 
cr^ f3fS^ s««lsi tlio Dqisartont itUgai^ 
Ftolifsi I to thiMi f m ItiG 
elfieiidsttt t^ i f ig t te swsisript. 
^ m o t o rteoi?! tui 





l2Dli3oiO0 E^octiTO of t!sg Pfaay 
miQculow ^ 
i ) ittto^yijtim 
t i ] EKijostomtal Sotoila 
i f i i ) fjRolysia 
i v i notcJtioEal Analirolcs 
Hws tmmitim tooiwd 
Dotdtiofial /s^Iirsia Co^ * t:io ^IcibXo 
miia thQ Dior — 
i ) lotEi^iietlon 
i i ) IS^HsdooatoX 
H i ) Ejspcssrtentai Date and Rotatic^i 
Hio Tsranaitl^ Iiwc^ivod 
Ctujiatos" SIX ttotutii&nsl Ar i^^ lysio of tKt Sfotcsa 
of i fCl 
1) SfitroclucUoi 
i i> t^pcfxtotttdS. l^tQili 
l i l y Csp2irikxmrtoI t^Qta ar^ notaUoiai 
i v ) nloctocBlc I t e s C t t e ImmXved* 
a i i m u . 
Tho omiftoion npccttm of tho vioiblo l>3itd oyatcm 
of tlKs PbDr moloculc Iw tho rogion 46CK3 R * I^CXJ H liao 
ISDOfi obtoinod* mmt iao borsds hwo otoh oboorvod in tm 
proooot Q'itpmissmt xtiich only uovj rocosclocj lyy 
osrliof wor!:ow# Ifio vlbratiofwl conocaovs obtainod csro 
tho as those obtainnd by K^ r^gors frora dboor^ -stion 
CKporifsonts. 
Tho Tota%i&ml Qlr^ctum aenia of tho bonds of 
thisj syotffin hao been rocoxcSod in tlio socond oirdor of a 
35 Ct eoncavo girotirjg opoctro^roph at o Muporoion 
0.32 ^mm and tho amlfoio of four bando (3, (2* 2|» 
a| and (4p i ) has boon dono* In b^ roricbo-j 
ijQVo boon otjcorvod for cach of tho bonds Ofid 4icy tio^o 
fcocn oo uti!0 P aiKl R branclioa ^no to Pb and 
HID fstjloc^lajr comitanta ot^ tcsirictl s^rct 
* -X D^ , ca-"^  O,®® O.C070 
0.0465 
A dotsilctl conuSdorovion of tlio Qloctmnlc con l^-* 
Ourcition and tho pro'Jot>lo atatoo invoivoU is givon* Ttw 
o;jrporioontal oboorvDtioii;that only P 0f5d n toncl^oc occur 
in tho rotovicnal otaciuTO, ini3icatoo that h^o coupling 
In tho ooiocyio io pre'^obly of tho ltm6*n cooo typo 
OT;tJ tho electronic tranaltion iwoXvccJ in tiio onisaion oC 
t!io oyjtco is probably aiuilar to tho A-'l oyoton 
oC tho PbCi nolccuXa in tho vloi'»>io rc^icii. 
3 
Spoctroocoplc otudloo of locd !:O11C1CG hao Vc^ n 
\ , 
tho oboorption Gpcdirunj tho PSCl nolcculo but a^u-j) 
no anoly&io olf tho bando» Ua/oll and ncchcatoj'^ ob-
tainod the violbio bond oyo'^ icna of tbo FbD:? and Pb? 
ooloculos in Q Csoc^ ycncy oloctricol bul 
ho too i^sHcd to oivo ony ot? tho nolocular ccnoliDntio. 
r-Iorgoa^  Cot tho Ctrat tlno niadc a dQtol2.cd 
of tho vlGiblc band cystcna o^ the rbi:', rlsCl ond ptor 
cioloculoo in oboorptiOHp ths-eugh on open c^ophitc tubo 
plocod in 0 'rusmoco and obtained thois: vlLyotional comm 
tonto. The onolyoos ore oupportfd by the i3oto;lc ohifto 
of tho bonds duo to halooon isotopoo. Rochootor^ ogoln 
too!: up tho otudloo and obtotnod Qin oyotoos for tho VhV 
nolocuXo. no oatobliohod tho doublot noturo of tho 
ground ototo in r^ bF for vvlilch tlio doublet co.^orotion woo 
found to bo 0206 (xT^, nioland and rjroborgh^ obtoinod 
onottior oyotcia U • X absor.-s'tion In tho ultravioiot 
rogion in oacrt of tho hoJLido; PU'l, Pbnr ar j Fbi. 
tliua tho only aaticfactor' c;ipo;:rteon:;al daia al^ .DUt 
tho violblo bond oyctop of tb.o I bDr Kiolccu?,o tc t'l-it civcn 
by ::o:rga. ^  v/ho rocon^od 02 red dorjiradod bondo in oboo-^tion 
4 
in the rofjion 4D00 R 33CK) 8 on^ oado a vibs-otionol 
OTialysio. Tho i!oXJlc3v^ tKj foroula for Pb^^Dr hooclj v/oo 
Oivons 
whero u» w v* I" j^nd es v" • 
St wijo thoroforo concidored vj&sthahilo to dcvoli,.') 
tho ojiioaion opoctrtim of PbBr In a cloood diactiorgo tubo. 
Difforont oourcoo of ojicitovion vjoro triod ond i t aao 
CourwJ that tho vloiblo ayotcni io oiicitod otr-on^Xy viitl 
tho nicrcRT^ ovo occlliotor giving riso to o Iqstqo numbcui 
now bondo upto <iCXX) I region, Inopito oorlous 
o^ Tfojr^ St tho D-K syotom did not op;::oar ot o i l in valmicr^* 
1tio i:ln3t port o£ this choptor doolo with t!jc vibro^lonrji 
onolyoio of tho osttondccS oyotoa io ooiaoion. 
As no rototional otructuro o^ t'l'.o oyotcn 
obaorvod ond onaiycod oo for, r/o plcm.cd to jrocord 
tho bondo ot o high rosoluticn to cbtoin Cihv rototicno^. 
conotonta, Tho d£.^ Clcu2.ty rit;ich ono focoo in c^aolving 
tho rotational otructyn'o of ttio Icod oonobronido raoloculo 
lo tho proDcnco of difCorcnt iootopos of load ond brc-Jino* 
tood Iiao oot ttooo iootc; '^ o with opprocloblc tia-ui'oZ 
5 
abiJndonco oo folloi-ni 
20.20 fi 
» VS^ f J 
and 31.55 
i#o« in tho ratio of i i i j 2 » Drcalno has got trio isotepoo 
^^ Dr and of o tost oquoi abundanco. A tnoat favour-
ablo cltyation v^lli load uc to boliovo thot out of tho 
difforont l o c t o p o o oC load* o n i y V i l l i C0S5tsl'JUtC 
appsxjciablv tho ofoctruf^ ol? lecicJ acno j^i^ c i^do nolocuio, 
v^iilo tho othor inotc:7CG of XoacS v;iil bo waoliod off at 
hiohor x-otational quantra n i^dbora* Thio 
OXIIR onalfoia OG WO HAVE only TVJD iaotopco O F BROOLNO OF 
oquol alsuncJanco* 
Itio rotatiosiol stxucturo of tho vlsibla bond cyoton 
of othoi? lialidoo of load had boon ottjclioci OKtoraiwly and 
a COTOon pattern ha^S bTOH obsosvod^ Uao, and nao^ 
roportod tho rotaliicnai analyaio of tho A-X oyotcm of 
tha PbF raoloculo and tho »amo yoar Hao* v.3« and Hco gavo 
tho rotational anaiyslo of tlxo A-JC aycton of PbCl* In 
caoo of both thooo noloculoo only ono P and ono n branch 
hao boon oboorvcd. On thic o^ ound I t vna sugooctocJ that 
tho oyatom arioo froo a ^ trans itton. I f wo talta 
tho onalogy of tho othor tiolideo of load, v/o oitpoct only 
ti70 bironcboo for a oinglo iootopic spocio in r-bDy cjolo-' 
culo. To 0 Cirot ©pprosimation i f v;o taho only 
(90*57 f j ) into conoidorotlont vAeao abyndortco io M c o 
that oC tho other tiio opocioo of load, wo o«poct to oboosvo 
bonua diio to 
and colccylco of ocuoi 
obundonco, thcao tivo t/ilZ givo rioo to a Couv bs-ancti 
otryqtyro Cor o Land on tho focto nentlLoiioc: eo:> 
lior» Thic on.'^ acti.ition 1q fmrthor ctj^porioc) by tho 
ioUfXilrtg obooirvctlcos 
liio charactosT of t'lo bonclc lo 
tained ovon in tho oocond ordor of 3a f t ^jrotino opoctro* 
cjrorm and no other hoodo gtc oboorvod. Tltlo indlcatciS 
t!iat tho contribution duo to tho othos? looU icotopoo in 
vory i700h oo comporod to brcnino iootopoo bocouoo of 
vjhich QXmoat all tho bundo oba-/ two boodo of oqual intonoity, 
r'o^on^ tmn givon tho vibrational anolysia of tho 
bondo of PbDs* froni q opoctroorom tol:on in tho occond 
ordor of o 10 f t concovo on-otlng opcctrot3:?Qr>Ij hoving a 
dlopos'Qlon of 2.72 ^ m onC cculd not oboorvo ony srototio-
nol atructurc. At f t o t » tho op^ctsrizi ua-:i rccordod in 
tho 3ocor.i: order- of c :!1 f t concavo ys^otirig c cc'tro^::o:)h 
in cho rccjior. (4G50 E •• 4C50 S) I'^ iorc tho bon:3s nmnoly 
15 
<3t 2)$ (2» 2)» {3, 1) end (4» JL) ora froo iFrcia <iny 
fjosloua ovorlop.oing ond ohci? a rota^ionoJl ots^ctuiro 
conoioting of <i;jo nation of iinoo An on j^lyoits 
oi? thcso four- bando viao corrlod out ond rosultc wero 
publiohod. v:o ©bsorvod a broadonino in tbo tonchco 
for oil biindc at J wiluoo and mn;:iencd that 
the broQ<3.1iao3 ao7 ohtx-; laatcp2.c ot a tiifj^ior 
ro3oltruicn» Later ttio CTiooicn opoct:?m hao bcon jrocordoti 
in tho ©ccc::d ordsr oC a OQ corxovo 9rotir.0 
Oraph ot 0 dioporoiosi or 0»32 oi tho Dopartoont o? 
5poctro3copY» OJI.U.i Voranooi« Tho grating hao 30»C30 
llnoo por inch viith a rtjlod niclth of 6 inchro ond bXaiicd 
ot 730D H in tho Circt order• TIw structure o£ tlio (Of 2) 
band Fi9»4 sroveol-o that the (sbcvt^v broad llnoo 
rio-3 Qt higher J oro o group of four linvat vrjhich 
havo boon ojtploinod os ho two P ond two n btmchca duo 
to Pb'^ ^Dr and Pb^*^ iootopic boodo oC < qjQl irjtonoity* 
Tho sxttotionai onolyolo four bondo {0» 2U {2» 2), 
(4| 2) and (4, 1} bondo a^ o^ given iUn vliia Tho 
ilootopic tociichoo arjc given ooi'oiotoly Cor bondn 
(0, 2) ord (2$ 2) ao only the ctsructurc of 'Uuao two 'jondc 
ollc;/o to oori out tbo o^un- bucnchoo convenientJly» Tho 
olcctronic trcHDltion Invcivcd in tho oyatoa lo clao 
dlOCU33Cd« 
8 
Tho o^oct'zm wa0 ototainod in cniooicji O'^citinrj 
t!)0 oaipAC? of pJjDlPiP^  CB.D#IU) rdtli d 24D0 He/ouc Ilk* 
aicTamvo ocnoffiJ'io® in on U olwpod pysfcjt t'abc 5 cti in 
(diffiaotos? cliiootS ot om on^ oncJ hold vosriiicoilv. Tlio opoR 
lids coiincctcd to a rotor; ptep ctfi^ Cjiriuoy l^y 
pirapcd. Tho onte-'.rio aicrcr./aw /^os plcco<a 
ot tho aid point of tho closed 2 co in llongUii^  and 
tl^ o subotanco vws kept at th3 cwEwd pcrtiors op the U tube. 
Only a 8r;iali araourjt of the oubiitafico mn kfjdido tho 
tisbo ao thai i t isi^ i^t not bloc!: tho bent poriit^ M tho 
U tubo oCtor ooltlng doi-iii. iioat ^Cfioratod by tho raicro* 
viavo oociliotor woo oufflcicitjt to cvolvo rcqyloltQ;\Dnoynt 
of vapou:? and no cHtcmol hoctlng '>;£)0 found no^ojpaory, 
Hiio orrangonont qgvo a teiXllant oTOCJoioh diachoi^ tif 
'Jiich a bottor cnlttar oC tho b^ antln un«2Q^  ccna^^p^otlon 
C3 ccajaz'c'j Zo hlrti frcuraonsy tronoCorr^ icr dioc'joi? M 
ttio viaiblo jondo vjoro roc€'2ru;d Hjsst on a ttiroo 
Clc30 opcctrrgraph crid thcfi In tho Clrot ond coccnd tocra 
o-r 0 2JL Ct conc=!ivo jjrotiln^ cj^ ocisroyL'cpI^  (CagZu rxufitilf^j) I ^ 
hoviny iSfOCO 2.ino3 por irxh ot o dloporolon of 
in tho second o^dor. 3ooc» of tho bcndo woro aloo pliotc 
graphod in tho occond order of o 05 f t conccvo rirotir-ri 
9 
tJpof/^ E'oornpls ot o diopcrolon o-r 0.32 fl/cn. Hio osrotin^ 
v/00 biased ot 750D S ir. tho Cirat order • 
tlmo required t© D:'ccr€l tho bondo on tha 
t t e o prlca oXcco &:;Qctrogro:)h ron^ cKl fsrcn 10 to 20 
mifswtoof xMqtqqq tho timo noodod in the oocond ordor of 
21 f t orotino opoctrogroph 2 to 3 hour«» Xlford t!P3 
ond CCIVO Dlou ncpld ploteo tsoro usod to tho 
bonds, rioorXy 6 to 0 hours ojiposuro tinso vioa noodod '"or 
recording soao of tho o^ isrong bands in tho coccnd oirdcr of 
£t grotino opoctrogrc.ob on CHJO Dloii BopSd plotos* 
Iron ore opoctruni amn ot Im cynront In air otj^oorio-
poaod ao otandasxl for tbo a^osuroisont of pl0tO3» c2ono v/ith 
tbo help o" Q Carl Koioa /'Jbbo ccnparator« uovclcitgth of 
otcndcrd linoc I^ ovo boon Tabloii 
(HorrSoor."^ ) and ccnvortod to vtovo-nu::i>c3ro in vccuo frco 
the Tablo of r.'avcntnlJoro '&bc accuracy oC oijr 
ncaaurcoonta io of ttio o:?lc3i: of 0^04 ^or QlmtiJ linoo 
and ± OtlO CD*"^  for bstJod d i f t oo lisioo* 
vinn'virxr'u. A: AtY.3X f 
Itio bvindo of ;:ho A*^ oyytcn of tlio lead aonobronido 
oelcculo l io in tho rof)icn 4CCO R ^ OOOO R and cro rod 
dogradod. An onlorgcd roprcducwion cf tho opoctrto to!;on 
iD H Oj <+ 
H' D aj 








O o <+ 
0) o " — ' d-
! 




cr Q) D a U) / s 
o4 
o o-' O 
CO u* o 
o cr c+ 0) 
H -D 
CL 




















•t^  Ui 
8 
o o o o 
CO 
< 




cr D3 H 
rr 
TJ H H' U) 
3 
lO 
0) tn o> 
in •v n> o <+ 




-P. S-N 50S20A 
/I 
J 
on thjroo prica gloaa spoctrooroph is cl«xm in Fig#i ond 
tho contact print of tho opoctrooroo tol:on In tho oocond 
orclor of 2i f t grotin^ opoctrooroph is givon in 
All tho bondo ohow tr/o hooda of cqunl intonoity ©ygooo* 
ting that thoy oriao frott '^ ^Dr ond isotopoo* Itio 
lootoplc ooporotion of tho liancb conftoo tho vibrotionol 
onalyois Qlvon by riosgon"^ . Xn ol i obmit 110 bont^ n \70sr0 
cxjoaiis-cd and thoiv vlbL-ouicnal oioigrrajnto Dodo on tbo 
bODio of obsorvocl ioctc -ic ohlCto with tho rrcouit Uiat 
oH tlio Worlds f i i In tho oocso oyatca • tho 
Cor.dof: poro'jolo io vcsry viido, iiidicotino thct a 
difforonco osdoto fc>otvioon tho iiotornycloor di^tonceo of 
tho tv70 oioctronic oLotos involved, iVovoiongthG, i.'avo-
ninboro ond tho vioualiy cotimotod rolotivo intonaitloa 
of tho bonds oro givon in Toblo 1. Tlio bantJo oboowod in 
oboorption by f.!or9on oro oloo Inciudod in tho toblo for 
cof.i[?arioon» 
Ttio ogrocQont boti.tion tho iootopic ohifto obtoinod 
frcm tho prcoont ojtporiaont ond thooo oboorvod by riorrjon 
ia obocrjition indicotoo cluorXy t!iot this banU syotcn con 
ooat probcbiy be ottrilbutcv" to Pbnr noloculo. Al l t!to 
Cit into t!io tTorraulo niwn by without ony 
diCfieulty nrd thcroforo t^ to v i tot lonol conotonr'uo c^ id not 
roquirc ony cho.n j (1^1 ar j rJionnn^), 
1 1 
DoRd hoed cia^ of tlw M . syotca oi? tho PbDF colcculo. 
yi X P r^occnt 
Sfivoati-
^t iof i 
TjortJan* Cole* to. 
Eiorcar. 
14 1 Z m m 
10 t 0 4 m Mit m 
^ • 0 4 103 10.3 10.0 
Q 0 4 10#O 10.3 
1 f 0 s G.S 0.1 
a 6 7.1 
e * 0 f 47.3 7.4 7.1 6.6 
7 » m, A B pieas.o 0*6 7.4 7.7 
U • 2 3 G.O 5.a 
5 • 0 6 CKI.7 QZ.l 0»2 
e • I ^ 21540.0 5.2 
? f ^ 21401-2 «•» 
4 » 0 0 JB.4 D5.S) 4.0 
0 0 14 m o.a urn 
• I 0 4.3 4.0 4.7 
0 • 4 s m Mr •iO 
3 f 0 4 3.0 
7 » 3 3 2JU>75»1 3.1 
4 1 J. 50*4 49.4 3 .ID 3.2 
S » 2 I «» m 
o t 0 2 57.7 mi * m 
TAniri I (cojfitiKuc;:) 
i 9 
v» I PiroGQ^ tu OQr^ t r'ly r^on 
9 • 0 1. 
6 f 3 4 32.4 
3 ff i ? 023 oisS S 3 2.0 
4 f S io 21044.3 -
X f 0 Jl %U2 
S * a 
2 » i 9 52.7 
6 • 4 S 
3 « a 10 S0090.2 
I « I 013 
i 4 a KJTm.i 
a » 2 ID 4T3 -rX.4 
3 f 3 l«f mr 
4 • 4 4 S03 
Jl ft 
2 3 0 no .2 
4 S ? 20433^ 7 2D4D2.4 
1 » 3 <> zmiM «*»4»4 
2 * 4 4 
0 • 7 a mr 
3 » S 20204.3 
0 i 3 4 40^4 
• O 
tADtn t (CQV^imoC) 
l-TO" 
v« 1 Pi!ftnorit oorst-
I t 4 0 sojiQO.a 
D f 7 3 77 rZ 
D t S 20004.8 
0 f 4 s 300(36^ 3 06.0 
i t S -7.0 
2 ti e 34^3 33^4 -0,7 
a t 7 10003#0 
© «> S c 33 
4 0 4 
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Tho onlarigocl opoctrijo of tho (3» 2) band photo-
graphed in tho nomnd ordoi^  of tho 21 f t grating opoctsro** 
io ahajn in Fit).3* A carofui obaorvotion tlio 
ploto oha-n tlio prosonco of tv.-^  oorioo of Xl.noc# An 
anoiyoio oi? tho 2}, (2* 2)f (3* 1) Qml Ht 1) ^oof^o 
frco tho rocojrd ta'jian in tho aocond tho 21 f t 
groting s^ JOctscgrooH vm <aodo and tho rooulto publlohod 
by tal iand iSianno^. h broadening in tho Eototlonol lima 
was oboorvod fos? a i l tho barsx^ a at lorgo J voluco and Jit 
vm csontionod in tho papor titat ot high rooolutiono thooo 
brood Xinoo may ahcr;; lootcplc splitting, 
Sr» ordor to rcsolvo tho oforoooi<3 isotoplo oplittin^ 
I f ony, tho (3, 2), (2, 2) , (4, 2) and (4, I ) hondo ivoto 
lotcr on rocordcd in tho aocond ordor of o 33 f t concavo 
orating opoctroorcph having o thooroticol rooolutlon of 
3,C©»000« Tho onlar^cnjont of tho spoctrograaa of tho bondo 
aro givon in 5 or.d C-* 
on loo!:in3 ot tho otructuro of tho (3$ 2) band 
OT.C fitido thot the linca ot 2.0::<30 J volucta v/hich 
cpiear oa braoci cnaa on tho ZX f t opcctrorpora^CFit'.D^ 
oro a fjrcup of four linoo. To atort tlio rototlonal onoly-
oio wo tooti Cirot t!io (3f 2) h-oni^  Cos* v<fhlch tho 
i 7 .1 J 
isotonic 4- 0*03 co** ,^ Ttio r o t a t i o n a l otructysro 
o f t h i o band oppoara to bo oiijspio and firoo frco any 
o v o r l o p p i n g . Hoar tho bond head ( F i g . 4 A, 0 ) t h o r o i o o 
oirifjio Qorioa oi llnoo. r i o t y r o l l y one takoo t h o t t h i o 
o o r i o s l i n o s roprosonts tho P at.d R bronchOD of bo th 
tho opoeloo of mXoculQ ovorXappod* \iith Zho holp of 
thooo linoo, difforcncoo ona tIio?o frcs on 
appro5Jtoto D valucts for tlio (3t i?anc2 jore found o u t . 
It hoG been obsosvod the previous onolyois oivon by 
LoX ond ICIionno'^ '^ , that Zho bond os'toin to vory no-^ s? to 
ttio band hood. All tho four broncheo ^^ P ond 
vjiiich vioro oxpccted t o app^-^ ^^^ ^ ^o otructuro of 
tho bondOfOG diocussood in tho int3:od«ction>wOro calculotod 
uoing tho obovo rsontlonoci o. proJttoto D voluoo and tho 
bond hood oa band ojritjin* from tho fornulo (Horsbosf^ '^ '^t 
pogo 174)t 
vJhorc n c -J for P branch Cftd (J 1) n tonch* Uto 
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.J 
io I ti cm'^t \.;!iich ic vory oraoll 00 c(X5po2:cd to D^  
» 4 jt XCT^ -CrrT^ ) thosxforo to contsributlon 
to tlio torn in noelociblo* At o valuoo tlio tomj 
contolnln^ and fourtti of la os-o oicniiTicarit 
and hfivo boon coiro oC in tlie tt vioo 
that tho ooccurocJ valuro of tho foys nosrioo of linoo 
In tho rsortion (C» D of the 2) bona 
tolly vosy cXcaoly v;ith tho coicwlotod four tonchLO eoch 
pair belonging to ono iootopic bond hocd» Thus tio arrivod 
ot tho conclyaion tliot in tho tho four branchQis 
oir<j ovorioppoti oivino ® ctinglo oorioo structure; later at 
mdlm J valued (Dt C this oinglo oorioa spiito 
into tvx> Qorioo of linos, ooch ono Ix l^onoirsg to ono lootopie 
hoDd — tho P ond n brondioa o t i l l unrcoi^lvod. At largo 
J v-iuco (Ct D rig#4) oach of tho t\Jo oorioo further oplito 
into t-.;o linca irooultlng ir.to 0 four line ots^cturo ORd tho 
r OuU n brorx:jc3 f^ot rcQolvotI Cos both tho ioctcr^ca, Ao 
ttic n branch io UiQ rotuming branch — out o^ tho trra 
I-CL'O 'JiwCh got oc.iGrotcd ot lorgo J voluca tho fasTuhos? 
ono froD the bcnU hood !iao be-on ta':on Ujo H bETOiich lino. 
All t!)o Toiix b^ JonctVwO hovo boo*i sorted out Cor tv-;o 
bancb (3« n) end (Ot 2). T!iO otructuro oi; tlio otliosr t w 
bomb (4, end l ) cicoo not pornit to sort cut o i l 
: D 
tho£jo braiiChoo duo to ovcrlapoinfj of (Oa I ) ons3 (3, i j 
bnntSa roonoctivoly. ttio the tvio bror-choa 
bolcnfjiir.o to rb^ D^sr of 2)» (2t 2) ond 
(4» J.) bcndo .sro ^ivon in tdbla zs. Tno vtoycfrir.3bcr"s of 
tho rototional linoc bcJlongia^ to Pb^Dr of the (3, Z) 
ond 2) bmds oxo <jivon in Tablo 2X1. 
Ttia jro-tu'iiooal onalyoio In cr.ao of o cont3ir*lr<g 
t^ .-o bronchca ia oicc^Xo. To ever/ Xino in tho P hvanch, 
thoro is 0 coLTcoponding lin^ In l^ io n bTonch Ijavint^  tho 
ccao uppor jjotatiowi Icvol* ttio wovoniaaboff di^fosonco 
of those t^ o^ iinoo, «o oquol to tho ocpcration 
atr* 
of one of tho eta to rototioooi lovolsj from tho noxt 
but ono# 
R ( j - X)- p ( j -i- i ) » ^ i)-. ^ i ) o 
GiiaiiorXy* tho soparotion of mo of tho upper ototo roto* 
tional iovolo f^cn tho nont but orio io o<tyo2. to tho d^ffo-
sJcncQ vmvtn-it.'bQvo of tlio n end p illT^ ca t7ith a 
n{J) - t U ) F^^ J 1) i ) « (4) 
Tt^ o pcaition of t!io rototiorjcl iovola cqs) SJO cbtciitrjd 
of tor v;o find out tho cof3bli:iot4ci^  diiTfoiXjncoo 
and A^f (J) valyoo, substitutifty tho voiuc of t!^ o 
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^^uyyUSZ* V3cmK3 end ilotatioml Aociamcflta 
te {3, 2} om (n# S!) hmiQ of m^hz' moXocM^a, 
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04.46 77.70 35.71 20.92 
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J W D . S 6 3 * 5 7 
1443 
K A . 5 
.J l) 
xotational torn F^(J) v/o arrivo at tho rolotlont 
» (4% - ^ ' fV ) ' - - ' "" ODyCJ-Ji)^  
Oinco D^  io 0 voary GoalX quontity oa ccrpcr^d to B ,^ 
(J ^ ^ 
A plot Of '^n^^(J) aciali'mt J uwld c^vo 3 a-iiroHotiit 
i l t o . TI IO O I O / O T H I O lino O«VOG V D I U C 41::^» A 
proilninory 3 nunborlng oiT tho braneSioa is obtolnoU end 
vho curvo lo plotted. To obtoln tho c&TTCCt J mirriboring 
tho abociooa ocalo £.0 ohifted urrtii this ots-oi^ht iino 
cu-'tiG th0 abacio^a ot sj is -
In cooo o^T hoovy DOICCUIOD i t io oi:ten not poa.iiblo 
to oot 2Q5ro go . clcos-ly nar!:cd out on t!io ploio and tho 
nupborlfW) of tho llnoo io not of ton unanibiououa • n(X-;cvor> 
i t boccors po0cil)lc to S'ind ojr't; litio J nixibcrini^  oC t^ io 
rotalicn^-I llno:i i f nojo titan orx vjitb tho aano 
OR V ^ ore COUAUROTL, 13„CQUGO CCR ILID CCNNCN VIBS^RS l lonjl 
IcVlI t!ic cc'-.ld.xticn difrciTrcf- n'jot oisactX/ Co:r 


50 5 100 5 150-5 
^ ^ S - ^ A z f U ) Vs. J C U R V I ^ S - F O R T H E B A N O 

A Z F U ) V5. J C U R V E S F O R T H E 
( 2 , 2 ) ® ' B A N D 
o 'i 
ooch J voluo* Tlwu the ffolativo msaborlrjg for tho rots-* 
tional linoo of bondo with cotioon uppor (or la-ior) viUw-* 
tlonal iovol can bo obtained Isy coc^jarlng tho coet^ination 
diff<j3roncoo # To start r^lthi tho bends (3i 2)» {2, 2) and 
2) vioso t a t o Ginco thoao hovo o ccmen 
teor v toot loml lovol » 2* ttlth o prolialnaxy j mm^ 
bQTin^ tlio diCfOLX.ICOO VToro obtolnad 
oaah vhc banJfj. Tlie tteoo iota ^^F (J) volucs 
c^ nr^ a^ 'cd tcfjo'alm* oj^ d tho J rjtabo i^nQ in om olT tho 
bsrsnchao ^C oa^li l)and bf I m 2 wilts, pln^slly 
un arrangQKKint of tM msiouo OQtQ oC /H^^ p^ iJ) veluoe ma 
obtaiftod a thiols ^  to mo-ccli tlw tiialtts 
estoorlocntal Iliuo tho cosxoct rolativo oyrrsborinr 
woo ^ iitccl for thQ barido S)? C2s 2) and (4, Glmi-
loriv tho ^olotivo fiufat^ oring for tho bond' (4, 1) was 
obtoliiod bf cmp&tin^ i ts uppo^ ' ototo cwbimZion difforon* 
to arrivo at tlio abooluto nuJs^oring, ^rJ^iJ} i/aluoo 
v;cro plotted ugolnot a prolflninary nME.t5oring and tho 
010 acalc chlCtod co t'-ol tho straight lin-'a qo throi^h 
tho point n « ( P i g o . * ! to iO), The cos^iRation 
dif^oroncoo for a l l t!io barJ:; aro colloctod In Tables 
IV Oisd V« 
H M J E 
Ttio ccobination difforoncoo for tbo (3, (2, 2)t 2) and 
(4, X) bonda of tho Fb'^^r noloculo^^n ow"^ 
3 - i.1 J . . r^-
V 
3.36 3.98 
22 3.50 4.15 
23 3.C2 4.23 
24S 3.G0 4.45 
2M 3.93 4.^7 
26.S 4.0) 
2T.5 4,3a D.CS 
2C.D 4.41 D.24 
20.0 4,00 0.37 
30.5 4,67 
31.5 4.09 D.71 
02.3 5.02 5.94 
33. 5.19 O.iO 
34,S 5.37 6.20 5.50 
39.5 5.50 6.50 5.55 6,58 
36.5 5,07 6.72 5.72 6.79 
37.3 5.05 7.C® 5.93 7,0JL 
30*9 CM 7.16 6.11 7.35 
4 2 4 1 
'p"' 
TM)tD SV {continued) 
J 3 •• 2 2 • 2 4 - 2 4 1 
39.S 6.19 7.20 6,32 7.53 
40.5 6.36 7,54 6.32 7,70 
41.D 6.30 7,72 6,50 7,61 
4a.S 7.93 6,54 7.37 MM" m t 6,S3 m 
43 0.07 6,79 0,00 6.C0 mm 6.C0' 0,30 
44.5 im 8,20 0,17 6.CO 0,09 6,fO 0,43 
45.D • 7.15 0^46 0.42 7.04 7,04 •0,50 
46.3 7.37 8,63 7.35 0,70 7.20 0.72 7.23 0,63 
47.5 7,50 8,05 7.42 0,90 7,32 0.90 » .mW 0.93 
40.5 7,63 9.03 7.56 9.02 7.30 9,04 7.43 9,11 
49.5 7,60 7.69 9,11 7,49 9,11 7,57 9.29 
SO .5 7.CO 9.20 7.02 9,33 7,71 9.27 7.81 9,52 
51.5 7.90 9,46 0.04 9.49 7,04 9,47 8,00 9.70 
52.5 O .U 9.59 0.20 9.67 0,03 9.74 0,08 9.00 
53.5 0,23 9,77 0,29 9.CO 0,17 9,G0 0,25 10,10 
54.5 3.42 9,90 0.47 10,01 0,29 10.07 0.43 10.24 
55.5 C.59 10,11 0.C4 10.19 0.40 10,29 0.57 10,32 
56.5 0.71 10,33 0,63 10,40 0,61 10,30 0.75 10,56 
57.5 3.09 10.50 0.01 10,50 0.79 10,46 0,02 ID.CO 
DC.5 9 .CO 10,63 10,71 0.70 10,73 0,00 10,00 
Dt>.5 9.JU3 10,05 10,00 C.CO 10.70 0,90 10,90 
C0.5 9.32 u , o n U ,05 9,23 10.95 9,32 11,25 
Oil .5 0,45 11,:^ 9.46 11.2? 9,40 11,30 9,50 11.44 
^ ! 
TADIX IV icmtimo^) 
J 0 - S 2 « 2 4 - 2 4 - 1 
C2.D 0.7X 11.37 11.3^ 9.49 11.52 9.64 11.75 
kM OtOO lum 0.71 11*02 9.53 li#74 9.31 11 .CO 
nM 11.09 9.04 11.79 0.90 12.06 
10 a4 11.90 11.90 9.93 11.96 10.12 12.24 
12.14 10.10 12.03 10.10 12.13 10.21 12.41 
10,4D 12.23 10.27 12.29 10.20 12.30 10.34 12.46 
10.49 12.40 10.40 12.50 10.30 12.57 10.39 12.64 
69.5 10.06 12.50 10.GO 12.64 10.49 12.66 10.07 12.50 
70,5 10.04 10.81 12.77 10.50 12.74 10.47 12.06 
71.5 11-01 10 .C6 10.92 12.91 10.67 12.91 10.70 13.04 
?2.5 11.19 10.14 11,05 13.09 10.06 13.10 10.84 13.31 
73.5 11.2?) 13436 11.20 13,32 U.04 13 #30 11.10 13.53 
743 U.44 13.49 11.39 13.40 11.19 13.40 11.33 13.71 
75.D ll»Cl 13406 11.52 13.00 11.30 13.60 11.37 13 .CD 
76.D i3.07 U.71 13.03 U.47 13.00 11.00 13.09 
77.0 1U37 14.05 11.07 14.01 11.64 14.02 1U60 14.15 
7a.s 1S.0D 14.20 12.04 14.20 H.79 14.19 11.01 14.42 
70.5 12.17 14,30 12.21 14 ^ 42 12 .C4 14.30 12.12 14.60 
CO.3 32.17 14.C1 12.27 12.00 14,64 12.22 14.74 
81.5 12.44 i4.(35 12.40 14.74 12.16 14.70 12.35 14.02 
C2.Q 12.40 14.07 12.40 14.77 12.27 14.00 12.44 14.95 
83.5 1S.69 14.91 12.C3 14.15 12.47 14.93 12.44 15.13 
04.S 12.77 13.21 12.01 15.17 12.61 10.12 12.57 15.10 
TffiLD XV (contlnuoej} 
J 3 - 2 o 2 4 - 2 4 - 1 
053 13.42 15.34 12.70 13.33 12.62 15.33 
UV<tJ> X3«1C 13.40 tfi t» M 15.46 "Sn AlU. * V 13.35 13.74 
073 13.20 JS.91 13.23 13.63 1230 13.60 13.70 19.$2 
003 1S.94 13.36 J^.OO 12.04 1 0 . ^ «>> m 
093 X3,60 16.10 13.53 16*01 13.11 16.04 
9 0 3 16.33 13.70 16.10 13.30 16.23 
9X3 10.90 13.03 16.44 13.45 16.30 
023 14.07 16.73 14 .OD 16.61 13.63 16.60 
933 14,20 16.CD 14.13 16.60 13.00 16.74 
943 16.93 14.20 16.00 14.03 16.04 
933 14.A0 17,14 14.3? 17.11 14.24 17.10 
CCsG 1433 17.31 17.24 14.34 mf 
97 3 144?1 17,44 14.71 17.4a m m 
9 3 3 M.97 17.66 14.G3 17.33 
9 9 3 153D 17.83 i4.on 17.70 
15 •SS 10.OD 13.14 17.01 
A0X3 15.35 10.00 10.30 10 .OS 
iOS3 ID .33 10.30 15.43 10.37 
X033 13.09 10.cc 10.64 19.30 
X043 1S.G7 10.01 15.03 in .72 
X053 16.04 19.03 15.03 13.03 
X06t0 10.34 10.16 16.11 10.14 
1073 16 .3 10.46 i6 .ro 10.sn 
X0C3 1G.S5 19.40 16. 1032 
TADtG iV (contirstiod) 
3 9 

































































































Ccdsinoticft Di'ffc.Tcncos for tho (3, 2) end 










31.5 4,09 5,71 
323 ^•oa 5,94 
33.5 0,16 
34,0 5.37 6,23 
35,5 SO 0,50 5,50 
no 3 6,72 5,55 6,53 
S.3D 6*35 6.7?) 
7,00 5,03 7,01 
7,11 6,11 7.35 
40,0 7,32 0-32 7,50 
C,30 6.32 7,70 
41:^ .5 7.67 7.61 
tmU. \r(C0ntinyoU) 
J 
43 7,01 0,54 
44,0 0,03 6,79 
403 0,20 0,17 
0,37 7,07 
47 7*Z4 0,70 
40 •J) C.90 
0,35 
7*07 9,02 7,C9 
C'i. oD 7,20 no 7.CG 
0,02 0.04 9,40 
0,11 O.tX) 9,f)7 
0,03 9,76 9,30 
0,43 3.47 10,01 
3.50 10,U 3,04 10.19 
n,C7 10,37 a,6u 10,^ 4) 
50,3 0,09 10,4Ci 0,01 10,50 
9,02 9.03 10,71 
9,15 m,:o 9400 llf.iD 
9,40 11,07 XI, 
o,m IX,?A 11 
63.5 0X0 11,41 c,co U.34 
O'UD 9.7S 11,05? t;,7i 11,52 
65,5 0,0? 11,76 9,09 
TAiit: V (Contlmjod) 
J 2 
Jt0.11 10.02 11.90 
C7S 10 #20 m . l l 10.10 12.03 
10.45 12,10 JtO 
10.40 12.41 10.40 in .DO 
703 12.40 in .04' 
71 IS.Gt) IC.Ol 12.77 
ns 1D.0D li.03 13.00 
74.5 u*io ID .10 13.30 
11,oc ID .44 11.4S 10 .S3 
#02 11.^7 13.00 
77.5 11.u 13*74 U.71 13.CP 
ns U.70 IS.01 um M.06 
m 14.24 
12 .DD 14.53 14.45 
01 12 a7 14.47 ID.17 14.09 
12 .M 14 12.30 14.C5 
S3 3 12.33 14 .69 12.60 14.07 
1S.S2 14.77 12.77 15.21 
CD .3 15.13 It^ .CX? i&.eo 
Xt.s 1.3 .€0 ID .SO 12.1X3 15.42 
07 .a 10 .CD ID .47 15.11 ID.tJO 
i-^.lu IO.CjO 




13 16*03 M.05 
9X3 13.06 16.22 
IS^ OX 16#3S 13,06 IwkSV 
16t94 14.03 
14 14,12 le.TT 
14,3 





15*10 IT junao 
10«O4 10.34 lO.lf 
15.3S is.ai 10,37 
mm 1B-C4. lOtSt 
JICB*S m.m 10.68 
m.Qi lO.M 
JI0T.5 mm ie*oi 10 .IS 
1D3.5 19.1? 
109 10 .as 19.43 
iiOtS mm 10 •Oi 
mJB 10,® 19 .CO 
19. 
113 ^ D m.m IT 23.10 
c I 
TA3te V (Continuod) 
J lU 
17.10 20.31 17.13 20*40 
20.39 17.24 20.40 
17.57 aof6o 17.40 20 .oS 
1173 17.32 20^ 73 17.CG 20.01 
a o . 5 17.60 17.74 21 .C^ 
HO.S 17.74 CI .00 17 .m 21.10 
120^5 S l . U 17.77 
GI^DO 10.07 21.30 
13.20 21 .CO 
ms 21.70 
10*90 21.76 10.30 22.IC 
m . s 104<37 22.17 22.24 
IC.OD 10.74 22.2*^  
10,75 lo .r^ 22.3D 
103*9 19.01 io.cn? 22.37 
129.5 19.26 22 .CO 10.24 22.0$ 
130.5 19.43 IS? .41 23.02 
131 . 10.ra 30 19.47 2J3.23 
13:^5 19.m 23.40 19.CO 23.30 
mm 23*66 23 .S2 
23.77 iD.tr? 23.^3 
13D.3 20.19 20.99 22,70 
136.0 20.41 24.11 24.00 
137,5 2 %40 24.33 20 24*20 
a 5 
pntrp/iiJATicr] o? noi;/\TiD;!Ai 
Tho rototionol cono-iania obtoincd fo l to ino 
11 
tho/procoduro (Hornboro )« A0 tho D^  voluoo os-o 
vary analX tho o^ Valaca rjoro obtolnod plotting ttio 
valuos Tiio cu2vo io a cl^roioht lino 
Oi'id tho alopo oC tho lino givo3 Tor tho 
lovolo cccno-t ^ v-;o o:; oorro tl^ o avoiracj oC 
voluocj IiG3 boon {7abr.o VX)# I'irom tho valuo ) or D^  
and D t^ coi:3Zont5 end wc4i ao ond 
ore cMeyXotca tho rsloticn 
B^  « Dq • {r) .(D) 
and ojro listoe in Toblo VlXt Ao only Cour bo.ido hcvo bocn 
analyood vho volucc ora rouinato ono, TIio cbsorvrd 
wluo of ngmoa vcrv vkjII i;itl» tho calculatcd v^ilyc 
(Tablo VZI) obrtQifJGiS frora tho rolotiont 
„ _ w 
" o 
Ttio voluoa oC ond rg oso tlion ottoincJ Cro::i ttiQ r^latloni 
^ 
" n WHMMtiW !•• mi I« -WWI-
( A 
/i 
Tho B *^ and mlum o^ tho diC "^or?ont bcmd^  o.tudlc^ 'jf 
V t Q ^ , C O C t r ^ B* cra*^ ^ 135 
2 0*0&02q 0#0442q 
3» 2 0.0300^ 0,0451^ 0.03T2« 
4 » m 
4 . X •w 
47 





i n jKf® © r ^ H* « « llT® wf^ 
/.8 
Hhrato /f^ a 37.2S? for 
am /l^ fojr 
w i t e s UTO im l ^ l e fIX* 
M stttffii^ sms ^staln ttm Dy ^ t t o s f s M 
t t e ^^/f^r^i^J t c w i m to toismiiio tlw 
mlmt^ mm^ QfxuwMtQtf ^i^ofsrixi. c«f tf^ 
Sir^t aie eccm^cf• fxs-into aro ^ t o ramls:: « 
s t e i f l i t liii^? eoaM f ^ lio m 
ef t t e e of ^gF ¥sltjo3 fe tlio 
^ibsmtiTOl « 2, f a a (3, a h C^ k S) sod C4» 2> 
orrf m k m f®r v* » 4 (4, 
bands tfeo e^ndccmc-se ©f t l » pote^ ma TOclmsoi* 
tiKs 0 imtos 
e a X ilT® ccf ^  I 0® « 1 S K f ^ oT^ 
Itjo ojlcttlatod wiiio of f r m the rolatic^ CS) 
is » 
m i s s m s j i i Q i i ^ ^ 
the fact, tliat ttio wtational stswtaim of tti© 
teds tlio P ami B toncto, is^ mis t to t tlio 
trmn'ltim ijmrolvoci is oitHor a X - X . ii lawid^s mm Ca) 
ex ib) tvpo cmplis^ U^Mq or n i f }|jrjd»s cnm (c3 
is 
4 9 
observed In oaicoion m xmXl cg in dboarptim, 
ioplioo thot tho lovi^ s stato of thia ttf^tos in the fjiroum 
otato of tha PbBr csoiocylo* 
Tho oloctronic torn schcmoo of tho nsoiwhts lidos o£ 
uiXicon, tin and Xami aro axj.-octtd to bo eteiidr to 
onothor, t7c shoIJ hero in Ijsriof tJso oiccts'onlc 
t.om S€hcn!c for ttia PbDs- ffloiowlo. A'Ji tlio molccuXo io 
Itoovy, i t la ouiflciont fcr px^ictlcol pyxpoeoo t0 cojisider 
thci- ojtoct^ ror© outssido tho -^illod ohoXis* Ths lov/o&t 
olocti^onlc conflgu^^tiensfor thz at©.'*"© t 
Br imA) A(P 
Out of tho dil f&»nt olacti-'dno* tho ©XoctrcoD of 
load and s^"^  oioctron© of brcfai.no ropsronorit tho oiJtor 
oloctrons of ttno PbUt laoiocul©. 
Follw/ing Uylliiion's"^^ nototiooi tho leviest cloc*» 
troiiic confi^ys^atien of tl>0 PbDr moloculo faay t^xitton 
m 
iMs configuration hoti boon Idontificsl to sropifODOnt tho 
o^usfJd ototo of tho diffcg^cnt -cicncholidoa of oUicont tin 
So 
and iofld Gfcodiod oo lior© (scr) ropro&0ntQ iho bondiriQ 
o^itdx of tm typo 4- mprch^ 
aonto tho antibonding orbltol of tho typo C6s <r); 
ond (vt t ) yopfooont Ijonding ontilsoncJlfj^  osgrbitolo 
the typo (CpTT^ j^  ^ ^^ ^^ P^^ Plji ^ 
(sic-) o^piTQOQinto 0 bonding oir^tel of ttio typo C^ C^^ o-pj^  4 
'^^or* configuratioi^ ^ivoa tho oloctronio 
^TT* vjhUh U thoTOforo tho stoto ©f tho laolocwio* 
* 
tho f i r^t ojscltod ctoto obaervcd for tho fowth 
gmup haiidoa by dlfforont aorftoro ore ao 
For tho vi&ibl^ band ayGt®3 of tho Sicl midi S»>Br 
mlocuXoo Soroa^ has aontioned tSiot tho oioctrooic ts^ansi^  
tion involvod probably is of tho typo on tho grour^ a 
that thci ^©tational stryctysro i© roiati^^ly fii^ 
coiapQi-eci t© tho yltroviolot oyotoK®. 
fsom 0 rwieod toftotionol OLaXyols of tho (0, 0) 
b^nd of tho A-^ x oy i^tm of tho SI? ejoIocwIo, Jato and 
Borrav '^^  have auggoatod that tho tronoitlon ia'^iTfCooo Co) 
and hovo oboosvod olovon o^T tho ti-^olvo bronchoa prcdictcKl 
for this tranaition. fho oXcctronic con^iguMion mg^ t^ a** 
tod by tho® for tho otato A la 
tctor Disrsrw, Dutlort Johno and Gt«)qaricod 
th© on tho apoctra of S1P» W t SnF end molo* 
Guloo and mentioned that o roor© probable cenfi^juriitiofi 
for tho f i rot oxcited stato of dil thoso DoloctsXcja 
viht^ ro (ue-) is ontibondinQ, 
Ecirrowr* ICopp atid hovo oiven the eonii^umtion 
(3) for tho state A { c 20136<,6 cm"*^ ) in SnF csoXoculo, 
Tha antibDndifig mtuwo of tho {n o-) orbitcl has t'con oup* 
poHod tho ob0orvo<3 fact tltdt th© vibrational fmqmncf 
in tho ststo A io conoid0rol>Xy sraalior thoo that In the 
ground otato and tho intomucloor diotonco io lorgoi?. 
I'lhilo <liccw304riQ tha oloctronic trarj6itiori of tho 
33CB S baiKl systom of tho SiP mo2.ocuXo» Vosao^ "^  has cilso 
sypportod tho probability of tho confiQwrotion (3) for tho 
A otato. }-1o hm furthox todicotod that tho (v^^) 
and (k <r) eloetxons in SiP aro atoost nonteonding or ho^o 
th© oamo bonding chaarDctori ruling out tho poooibility 
of the configurotion (2)* 
Tho stato A was Idontifiod fla thD stoto of 
tho configuration (3) by end Hao^  in PhF and by 
c: 9 
V.O.rtQo ond R^ jo in PbCi cioiocylos. Pot tho flCX irK^ lo-i* 
7 
ciilo VtGfUao ami Hao have cuooo-otcKJ that tho iW5C syotTO 
oriooa from a -I - tronaitlon of mm (c) typo th^ 
bOQls of the obsoxvation thot only t^ -m bsarichos appear* 
In the light of the facta thot tho ciolecplo rbOr in mtv 
hoovy and only clnglo p ond E bjronchco tjppoor wo faay 
£?0G«rJ5& that tho Slund'o coao (c) applies tho ^miml 
and tho f|rot oxcitod states ami the transition of t!io 
proocfvt syotcHEs io o caao (c3 given by tho fo l to ln^ 
cronfiguratior?! 
vJhmo A) h£)0 noiri boon token os ti^ o nonborsdto^  orbital 
oncl {u <r) 00 tho Qm* 
e: 9 
2* llowoll* t^nd 
Hochootor, a»D, 
flOJpgaftf 
5* rfiolar4» and 
Kote^orgl^ , 
EaOp a$id 
9* of ttWQ"' 
IChwnfj^ a '^U 
XI* ttorgborti, 
iS. lUlliken^ n 
13 smia, PJUK. 
T^um.Fosrad.Soc.^* 790 
Pmc *Wr»iv tC r^haoi FMl, Soc Sat.A» 
126 
Phire^ BoV, 4f (1936). 
690 (1964). 
a»l*fi.\lawlongth Toblaot Jcslm 
wto/s fra? Vosfit (1939). 
rio.3» voX.i 
of Diataaic rtol.sKSMl.o0t 
14* JOhmSf J.IIpC. s>i?octphy!s»soc4tond.) 7|,» 476 (1950) 
Bsnw, n.F/ 
BuTva^ h n»F.»Euticr, Proc,Phyo»5oe*(Lond.) 31? C i W ) 
0*, ^ohnot and 
Powolli 
rMTTm, top, Ps-o .^Phyo^sos. (ior4#) 2£i 
I . end Moroxi A^J* (1962), 

m mm 
Uto xotatloiiai strijctaaeo of tho viulbio foarKl 
rywtww ( 4 ^ 8 - t ) th© BiD^ faoloculo hm boon 
rocor^od in tho soeoiKl ©rdo^ oi' a 3B I t tommKi giratiri9 
spectrograph (3OtOO0 limQ/imh) v;ith a 
iisporsion of 0«32 l^ arsf Hio atructwrc^ to to 
ieotopoo of broraiw boofi roaolvod. k r©totioniil. 
onalyeis of ( i , 0), (0, 0), 0), (10, ( I t 4) , 
|0f 6) and (Oi 7) barscl^  of this oystc® haa boon corriccl 








0 « 0 0 0 i 5 C O • 
As tho stnictur^? ©too the pmaoma of P 
and R bronchoat tho systoo appoors to sitailor to tlio 
Mfi®it?lo biJtili sy^tcfo of tl:io BiCX ©oiocuicj arid a O"*" 0"** 
t JE -o r s a l t l on h o o fooon © u g g o s t o d . 
mmmmu 
Itio opoctffo of tho I'iolldoG of toisimitls 
haa bocn widely stu l^iocl thoti^ h i t is the* lioo^fiost 
if> ill© Vth 0sro«p of tho periodic tablo^ As ao in 
ai^ Hochootox"^  tho viaibXo bm4 
oystora of tho DlBr moJ^eiilo in rnik^sim uoia^ a high 
dlBChatfjo* Mor^ an^ rocordod two oyoteiaa in 
dl>i303rpti<3n» om in tiKO fogiutj SSiSO 8 - 4130 % (0 tsystra) 
and tit© in tho xagion 4S©0 H * M3ft % {A oyotea)* 
by p^ i&csirsg brmlno vapo^ is: over aoltcn ouos of bEonti-^ i 
placod iR BU opon ism tuht} iit §00% ioaltfo o fwrnoco, 
Hc attrib-atrd hoUi thorn mutism to tho BiBS" 
and iiiijcfo tho vitetlan^jl Sur 
©btoifiod in teao othor av^steos Iviw) In the 
voniom 27m fi« saae S 24S0 S m^ 220D t 
aSlM^  S ond thcrs m C» D stncl C vospoctlvoiv'* 
tte too ler^ go:^  6 f s t o « 00 A omi U» 
S^fikarfway^ffint Patoi Uarayari^ n'^  tho 
aystofa of tho DiS^ ml^tul^ in csaisoion osing q trans*-
diseharrjc^ ^ dctciioti vibrotienal onolyoio 
of msiwlf'ZtO banda lyir?^ in tho rogioo 4090 % • 0Q63 
tho^ also Ki^ asurod tho isot<^ic shift duo to biOTilne 
iootopos in G miab©r of hM&w tho A^*' uyotoci of tho OiB:c 
oolecyie aceos to bo mmlQ^ma tij tha md doqmdoii 
:-8 
si^ /atoo ef tM lACi saoleciil®* ictisnm^ ropprted ttjQ 
tloriai oitaiysis of too fSf*t syatcaa of tm SiCi toIociiIo 
j^fid Im mly teaiichoat opo P ii^ f^i m0 n* tho 
tranoitlon was cc^ciwSod ta bo -»» & cm^ i^) oqySU 
Siitco biaimit^ h hm fjo iijotopo^ ©od forcmiito 
has only tv/o Isotopos o€ cquail ateundattco. I t wo^  fo l t 
that posallsly ttjo stnictwo of tho of tlio visible 
V^stGRs of this 'laoloculo c©«l<3 also bo Tha 
bmda nto esy ccrtos o^oxlsjj^ir^^ 
( t , 0) , CiOw l ) t (4. CO* 6) 
md (Oi f ) mm chman in the socori^ oitdor 
&€ a $5 ft cmcavc spectrograph (3'OfC^ llnon/inchl 
at a rocic^roc^l disp^wion f/csn, flio tototlomjl 
anijJiyeio all ttm banda hm corriwl out' ami thu 
comtonta te tho Dl^^te Dl^ '^Qsf molecwloa hovo hoon 
cjIstaiM^* riast of tfio boiKlt tiUm ttio prceoniJO of only 
ti^ m of XlttoB of dla»st oetml intonaity. fiio solom 
boloniging to tlio two i m t ^ i ^ toIccuIw 
havG boon sortoiS out and oro gtvon In ©op^jrato tobloo. 
Tho TOSiJlts dosctibod in thl® cliaptor indiisfsto th^t this 
pjresont systeia In s imilor t© tho A^ X syatoD ^f th© DiCi 
iftolccuio* Tho <?iocti?oriic tt^mition inmlmd in tho 
systora io also discuaood* 
r ' 3 
iSliilo flnoliaing th^ dots* vfo cmo aeroaa o ftoto 
hf riwrty ond flao^* n » y two otu<lio<J the of 
-thim® bands ( l , 4), C"^ * 4) m6 0) of this sy^om f sw 
a TOcofd takoft in tho f i rs t ^rdm of o 21 i t ^isilng 
Jll#2S J^iin) ood hova 3r©{wtod-
th0t wcMsla o atrwetyr^^ coiioittiiji^ of 
Ssinglo f> ond R brancte* Xii tho pi^ OGont imfoatigamon, 
nith in diaporsiim 0»32 ^nra or»d o thcjoroti-cal roj^Jlii*. 
tion of 3#^»000, l^ ho P md n tonehoQ could not bo 
wd iR tho coeo Of 0) bsod find that^ 
too at sfooiJt J « 95 fot tht^  Ti bwneh, iroswlting to a 
fine ©a-^ arda* Tho utmctmQ oi^  tJto ottio^ e' 
bunas eontoins only two eejrAoo of lim)0 npto tlio t s i i of 
t^bo bands • PmbohXf lAurtv snd tim^ havo toliorj tlio two 
aojfio© of in feho 0) baritS m tho oiid B bronchosi 
of Bi'^ D^s- isolgcylo viliilo njstliing srociajMatDg tho 
litm^ of th0 ofeurwSaftt Utoy ham 
not glvon any Qpoctrogtm oar Of tho linos of 
bands ami m mch i t U to my toother thoy 
havo takon the P 4ir«S H braftclioe m M^olvod oar ovoriappod. 
Prooontly, tho two sofios of lines hovo beon oasignod as 
arising duo to two oquolly intonao band hoada of 
and Bi^ ^Br ©pocios and thorofoafo tho P atKl R bronchos oro 
tsljoft 03 ovofflappod i&x al l tS^ o bands osccopt for tho <7| 0) 
boLTV^ . 
0 
ttm bismuth oonobEc l^do moleeulo was ojscit^ Kl with 
t\m holp ©f a 24!S0 f.lc/0c;c isicm-/avo Qoi^ orator in m% U 
ahopQd pyi-oji tubo 5 l a di^saote ot om ond and 
hoM itio 0pm liiiaS) mn. coomKJtod to Q rotary 
pymp and m& cofltifswously pinis^ od* tho ©ntonri^  
mo pX c^cd 0t tho old ot ttio eloood lijsh^ 2 ca in 
nM intcnoc glm gwojiith bluo in colow of 
ono m in Icffigtli obtainod* iMa qoxstoq mti foynci t^ 
Ijcj ofiis?© appiatiprtata for o^crit^tlon of tho Ivi^ so in 
tlio Gtotor r^iGVoienrith region of tlio oystca as cceap^ ijrod 
to tht tjrari0foj£t»u- cSiecbosr^ o* A p w ^m^lQ of biomith 
mu tho proliminoiry irsvootioa-
tlcfj j^ios ©ado in tho f i rct orsd oecomi otd&m oH o 21 f t 
ct>motVQ ^sating apcctjeooroph (iStOOO liftoo/inch) ot thio 
tho XlfoMi plates flP3 v«3jro usod 
and tho ttea €$f rsn^oci Crota one to thrdo 
houxo# Th© final opoetriin mn r(?coi?dc4 ot tho E^ pas-tmont 
of 3p0ctrocj«w» Vai?anasi» in tho second! ordor 
of a 3S f t cmcmo grating ®poctrogiraph {30^000 linos/ 
inchs ffwlod wiiSth 6 ifiehoo) having a ifociprocal diaporsAwi 
of 0,32 J^ nsfj and biased fit TSOQ 8 in tho f i re t otdot^ All 
tho banda lying in tlio to^ion 4600 % * S3D0 8 mm tocQP^ 
M but only ©light b^ snds O), {B^ OU iPt 0), (10^ i ) 
r 1 
C4f ( I t (0# 6) and 7) oro to® ftm nm 
iouo ^orlifppin^ unci thorofoirc ctoon for fbg 
Th© ojtpoows-o titao mn^od ixm 3 hoyrs ' t o 
bando lyijr^ tha/aeo i^ofi 4CS00 8 4750 K roeoi?«tefd on 
CHi'iO Dfou aapM platTO oaci 8 t© 10 hwir® i m bamla 
in tlio Tt^ion 5I0D S ^ 8 mmMo^ on lUmd iiP3 
platos. flio vmto inado v/lib tho holp of Ca3?Jl 
Zoim /^te comparator against ton thG coirpag-iaos^  
opoctrw woisig m titssidords tlio wavoion^ths ^l^m bf 
7 
eon fri^I^Ttfablos)* Too roJativo accuracy in our ooc** 
is of tlio r^dos? <jf ^ 0»Q4 te otoffp linoa 
ami O.iO ojT^ bro^jd di^Tfuao l i m ^ , tlia foblo of 
United Ststoo^) waa yoo<l im eofwcr"* 
oior» to irs vacuo* 
m ^ l E B L M i L S a H m 
Aii tho bastcts of thi® layf too otq rod dogrodod oncJ 
ohov-i tm hoatfs of intowltyt Hw vibr^tiofial esalgn*^ 
TOnts giwn by Gankasmamyariiin aixl others^, aro 
tiatod by tho dJsowod isotopic shifts for ooet of ttio 
fe^nda* Tafetrsg thia m awlogou® t^ tho /V-x aystom 
of tho B id i3©3.<?cuIo» owo vwlci OKpoct mainly ow p 
on© n fo»onch for coclj of th^ tvi© tjcacls roswitinf 
Ifi & foiiff branch otimctuira for omh. band* aniainaoKJorits 
G2 
®f tlio-spoctra ©f ^— tho bamla ato ^ivoii Im to 4» 
A 
Xsra €am of heavy mlmuloQ ih© FrajiekCi&ndoR pos-u* 
bois tho transition tfic ©tste ttso 
f t o t ©^cltod ©tato in qm&x^llY wi^ o^ whlcli olti© 
tile eos© filth ttio bomi system n^cSor fh i t 
in $ in tha B mhim of l^mit 
M th^ t^pQZ statei! t « Q m. urst to bQtmm 
tho bm^ ©s i^^ in ©nd fb® bawl fjooil* Tito ori^iiw t® head 
TOparsliert i^t ^fntm hae booi^  to bo mwf oaall 
C fc t b'/ Rao m^ far PbSr kf i e l apd 
t^&ma^^ fm UlCi by A mrAl osfi^iii liooa 
sapsrotidrt loads to a mmlX difteyrtco in tl-^ s 3 niraftjoirii^ 
of tho P a^ *^  tl Hrtos ut pli^ c^ f and gliro® rise 
to tl^ a f c i to l f tg tm 
( i ) llio P oikS H braftth^s mmXap #acl» oth^t mm ti lax^e 
ptrtien el the bonA s^t Bioteatii w^olutions and geft roool^ 
ved orilf at hi^i J volwcsg 
f i i ) Aftor thov ^ ^ rosolwd, ttio tm brooctjos cwsa mc% 
o^m Q timi33 ©ftly and the of choosing m 
^Q^mming m m m^o frm lightoir td i i w t o TOlocylcs, 
t lnm faeta ^m a ^mclmim town oftor looking 
at tho ©fosQWod s?dteti0ii0l etsrwctyw ©f tioovy 
0,0# m^ feisiaiitb h^M^Us CXi &t tho otrwetyro 
of t|}0 tindss two ©orioo ai linos of 
H' <Q 
n> 
m D M Q> H Q^ 
(X> 





















iQ H 0) 
c+ H-D iQ 
O H 
a o H 
p 1 
• o 
^tooi^ t Q<|uaJL intomlty tfwwghoyt tho b^ nct aswad* Hio 
to cTOso ooeh oth©t froQW^Ptlv th© 
tDtei ntstodt of eroooing io isioto tlion eifht* thoirofo;^, 
thes e^pes'tor^tsl ^ m r ^ M o m iswrition©«4 ©orite Ic^ ijs t© 
b^lliwo that tte tm mo wfe P m^ U 
toiiclioss ©f ono ia^t^ic hoiicl# mtrnm^f m as?© 
pick mY vMicb mj actsl-gfiod to tfio 
^wolly iwiQw® is»t©pl« head Iyin0 at li ctT^ apart| 
cay ^ot tlio tm mrlm of ^jiowo^ linoo airo 
P Sfna E feraoehes bol^ngiiii to mm isf the conot* 
cjLioittlfi th© oxplsfiatiofi etodn is that the »m of 
balonf to Bl^liliosd ttm 
uf linos P ti birsncbeo eith®^ 
cpiQsles as tliaroygliots^  tho Isdffe^ -
th© iituabas? ef ewsslng in hf feh^ Iisitqo 
isotoplc siiift a * U -^famo 
cotmwoMt^ to the ©poeloa* This oseplonatiwi is 
fustboJf stif^offted l>y tho otwctystJ of th© (?» 0) band 
frig.Dte ^ i ch ttio isotopic is mull [^-y'^ n m*'h 
iifi£| tlina ntj^oi? of exossifi^ is eJLso e,mpQT&%hrolf ©aallojr. 
In ttiQ portlor^ of tlid |7t 0) bend ts^ o sorios of 
lifioo of tdusl intomitie© o^otved* mcb siff xihith 
QplitG fmthm Iritii tm i»t dbmt nOos), gi^fiuf Tim to 
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a <D H 
Q> Ch H-
wm^^ «f mm m and in 
l i lt ftloi^* m t im Uam thai fSx^t 9«)r|» 
mm^m^ I n ^ t m tint iMtettr mm^hm^ hmd 
(M^bt) mni -Hi* mm mg^ tMt ssewlimd imm 
M m ^ m m X m ^ lliiKi M » m t 
in t M eaite Gi 0) l^ snd ^ impecM fl»«r I^^ksIim hsm 
bmn Xn tb i ciwi <»f md Ct» 0) 
IkOiidii fme Iwaiiiit* gm act bmmmm ^ ^ 
bmA idumi im i M t mmMm i t e te mm%m>^ ^ 
biiK^ ^ eeiapi«iiil (7^ N f i i * SisCte in tim ^dtli 
t l ^ CO^t ^ U Uw m& imrn I t 3, 4}* Itlft 
tnn^ t l^ Q) ^ (ID» I ) txmdl ^ V ^ tiQ^ 
naicli isr^w M I t e i r stftietiii:^ i t 
SevliDg mxt ^ t^ hmma^tmrn in lil^l ciet 
mfi m ^ mtmi^mm U mmimd fa i r ly mU* 
tiMi mmm iiiBiwinMri;jm,i'i. nn^ 'nrn mt^^ 
mmm tiit l i ^ of a l l teiid» M m ^ i ^ 
mm i^urn In I and tNr MaiMi 
n i M i SV cdif^iilD im iSm Umm htSma^ 
to mtmale* 
ISm « b s « S ^ J rnrnbrneSm ^  ^ x o t a t i m l H m ^ 
liift iMiaii I t e ^ I k w nm Aj^lJrl i M H i J mimmlmii ^ 
AaFCJ ) Vs. J CURVES FOR THE ii.o) B A N D 
AzFU) Vs. J CURVES FOR THE 
C7.0)^' B A N D 
-10 0 
f i g j 
A z F C J ) Vs. J CURVES FOR THE 
Co^sy^ B A N D 
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t . ) o 
p3foe«»te0 oiwi^ in tM i^rmflwi ti%Q coraliJiMtion 
difforoficQSt foir tho vibT^ticmisl Imftl In 
fejsr^©* Qm im ^m^ ^T^ment withisn thm ©upoartentuX 
iw 
^rmt^ ijrKi aw v and VI* Tiibit VII ^imt 
th0 -^ dtlmsk for tha Ijuincto stwdioi^* ^ tlb^ oCg^ mlam tidv© 
dot^ BuifKKl -erjtl i t hat f^ tsnd ii^at tht m lm ©€ 
/ n 
o^ e Its JUiPgo m to o(e 'feis I© aliio swois* 
fef tliia firm tli® TOI^-
tim 
C\ <j»<»niwmi!i*"i*i» >»niaiwnim»i» *m KimiMiMiKOiwiw 
TubXe VUt oivog; t^m v^lmti of ^^ ^ tlK? ^ 
m w-s^a tne^ i© t© obtain %h& valuos f w i 
^ nP/U^) vmt^m curvo© itml to tl^e 
B^  mm mcm^ti^Xf tlmxcirm^ Qecism& the 
XiMit of oiir aceuarscvt tbo i^oints qjto quite ronta ai^ & 
atirai^t liiKi not bo ifesim* itowa^i takirj^ 
of the ths^ o0 sat© of vislws iow tho 
brational level « 0)* 0) « (% 0| 
bartdsi srsf^ oBin a^s of th® wm Tho 
v#lw© of D^  ms found out to in b s^tmon B h IfT® csj*^ 
P4 
m© ism^imtkm 4liimmcm f«sr t^© <CJi OU i% 0) and 







SQ 7m ©.DO 










65 Ai.ac JU.49 
66 lum 
67 paa U.80 
60 9.41 9.37 12*03 
m 12 •cr? 
70 
n . 9m J2-47 9*73 9.70 as .47 9.09 12.49 
72 jioaa 12»64 IS,67 OS 12.66 
73 iO*26 lO.OX 9*99 io.oe 
74 10*39 xoa9 10.09 ID .CO io . lo 13 
n iO.23 m.26 Jl3a7 itaaa 
lOM 
TAnUi V (cortiiwod) 
J AgP. 
77 13,49 10*S5 10.47 13,43 10 13.4^ 
fjS mm 1$.6S 13.7'6 10.61 izsr XOM 13.77 
79 urn 13 10,83 13 #90 10*70 m*m 13 
m Mas 13 10*96 14.04 mm 10,87 14.13 
Bl 11»05 14.21 um 14,17 11,15 14,17 
^ ii.3a 34.26 11.23 14,39 11,16 14*44 11*1!^  14,43 
m XIM 34*44 11,32 14,62 11,34 14,51 14.'56 
a4. liJi 11.43 14,71 11,40 14,61 11,46 14,76 
IB ium 14*04 11 14,7^ il«60 14*^ 
m xum mM u*m mm 11,77 15*12 
m 12.1S IS #21 11,70 15*11 11,91 19*30 
so 12.00 15,44 11.90 ia*34 ia*cx) B,4S 
m $2*m 42*06 12,18 ia*07 
m la.ea 12,23 IS ,76 12.16 15*67 ia.27 15*80 
n 12.74 15*93 12,37 IS.80 12.32 lt^ .72 12*41 
n 12.0? 16.07 12*90 16*0? 12*45_ IS,95 12 16.16 
93 12*99 16,25 12,63 16.2^ 12,60 16*22 12.68 16,33 
m 13 a s 1^,41 12,76 16,43 i2*7a I2.ai 16,48 
m 13.26 12,90 m 12*95 16,70 
m 13 •S!) 16.74 m 16.83 
^ 16*91 13,26 17 
13,66 17.m 13.40 17,24 
m 13,60 17 .as 13*94 17.42 
100 13.W 17.4S 13.67 17,60 
dlfiisxomm for tM 0)» fa, oh 
'110;' Jtrbanda df tte j^locisl© in m^mmiHsts* 
J 
7. « S I*' n 10 -,.1 
^'it Mkm 11.01 
m IX*21 
m pm S.SD 11.21 
m lUM UM 11.3? 
m %m um l l .Sf 
€m iim u»m u»m 
m I.I..84 u-m nm 
n mm 9*Bi 
Ti 9*4% 
t t 12.44 l a . i t 
t s 12.55 p.w 
74 10.08 9m mM mm 9M nm 
f s 12-80 mm mm 12 •as 12.94 
M iiD.ia m*m mM 13^0? 
rr 10.27 mm 
78 10*41. 13.47 m.m 10.SQ 13 
JU>-T4 
QO 10.7U man 13.7S 
m 13.9a mm 13.913 
m M.S4 mm 10.® M . l i 14.12 
83 u.m 14.23 li«06 14.20 
04 JL4.40 14.38 U.20 14^39 UM 14.34 
n 1 
tmis Wt (CofttimlcBl) 
J' • A ^ t 
m M.51 
m M.C^ 11.41 14 11 
m mm u . a 
m JtS^ OS i i . t s 15*10 
m um 
90 i a .® 
n 12*44 m.m 12 UM 




m la .m iMi 
w 12.94 
m msM 13-04 13^03 
m mm mm 17 m 
m 13 •ea. 
wmMi 
o o u O 
thQ a^ voto® tfi® ciiffoTORl btmda stydied* 
, Bi' m 
tycfjj-^ 
0 • f 0.0303 0.0425 0.03S7 0.04i8 
0 t & •0.CB63 O.CBST 
7 » 0 0.0345 0.0436 
n » 0 o m m 
9 • 0 0.0340 0*0436 O.03S4 0.OI28 
10 f X o#m30 0*04330 
i • 4 0#036l. 0#042% 0*0422 
o 











Th0 caleuiotod volm of i'sm th© » i i i t lon 
U o.e li JO"*^  m^T 
rh0 ki^ sost eloctarottie tho trio 
©torn dw ; 
Oi ^ € $ p^ ^ 
Br - Cot ) 4 4 P^ » 
elt^ ct^ cMmic for tho Dte ooloeylo moy be 
m iicteisiiHs f i r ^ fi^ n 
fMcli to IfoUc^^fif^ etettonitj texasi 
» » • 
Oit of ttios© tl%mo cot A) is woctod to l id tmo^t 
t© l|urt(S% Th<& ground of thQ tnotetiio 
is very iikoly tho iovior Qtoto of tho psr^ 'Sont barKl ©ystaa 
8 ^ 6003 S) OS itegafi^ ha® mHo chmr/Qd this stystora 
In absorption. 
f>, 1 
m& iimt oucitc4 ntQ%t> Isns horn dcrivoa ^ox tho 
bund syoton of ttso OiCl ©otoul© W 
Ith^ rma^  to Ixf 
this tvpo t^P^i^i ** ^ ^ URtifootiiling 
Ciiloj I'ihicii tea than BiOrt ^t b^on 
a j^id tC5 th® ptmlm^ hh&ptm thgt tlio of tijo 
os-bit^ X bo omibafsdifi^  ami tythom^}* 
I t is mto ll^ JoXy ttmt tho Cv tv ) orMtjil ho 
Qni iu<r) m cjntibondir.^ te tho QiBas? cjoteul© as vmXt* 
fh0 l^ocjfoatto ifi vihmttaml imt^mf in tte ^tate 
h M t© Wm atato x of ttio BlQir mkict^l^t 
tliici Cibm^ ergumntf 
takli^ ifito cowMwaticri fact thut tlw 
tvim tijci fooin^ P and U btssRCtes i t 
mrv lifecjly tl-^ st tfj© t r w i t i o n involved is ^ —^—» 
tivon by the cmii^\m&timt 




4. Ctofiliamarfivonani P t^tclp 
Khanno^  O^ Ht 
7» flarrioofi, 
8+ of I1flvonis3b0r©« 
9. ftao* one! Rao* 
iO. Lalt md icheoni^ t D.N. 
II» Horto^g, 
12, 
Oasms, n.Fi^ i DutXoir, 
Johns» J.l'IXf ©rsJ! texjlli J»t» 
126 U934). 
Phys^tov^ 41 (1930) 




(f-T r^cht X' 
a rTlibio (Ifei'i VorU S 
VJUoy). 
n,0 »S »!!ori©9irdp-h no 
Vol^f irstSonsl Ouaroaw of 
Staodorda, 
D^ Ct U W ) . 
E.Physik, m , 50 (1964) • 
Spectyo Qf SSiatwic Mole-
mlm^ Vorlt 
©•Vun' » (1930) * 
acv,?.1od,Phya. 1 (i932). 
Prm tPhya«3CiC»(iond,) 73, 
m am)* 
r s 
m i m s i 
a 4 
If ifiitt kx ijitowiol^ 
^ s o t l horn M ^ 
©f « ^ f t f t^ t l j^ 
nm t^nm&X tim^ Pf t t e COt mm il^ 0j 
«?€ s^^ tern i i t o i ^ i f ^ nm^ 
« i I ^ « t 
o^ i « ® as « s 
Hit vsllio c^ f til© st^ tisi Ms^tm 
%i<m fmt ^ rfeates in tfet taramitiois 
ixm a 
01': 
spofitrum M i m la^fioetilotto was 
f tot ^f me u oiwcl ^ -irste 
in th© a6tlO S 2800 S 
tho BbmtpkiQn «»f Me intt^ spaetiod tlioso 
m b^lwf to 6 wea&ly l>0wr«S lo^ Hit 
scTO ©peetieyia mB dtjaln % In tisi> 
tim ifiditwm afrf ^iilmiMJii Vipowrs* ft© su^gost©^ 
that m^ dNi^  t© Ind4 s^loculo* 
Wirssfl^ t m ^ s and ieittw® tlii# ©ystoia t^^lf* 
ift afoilds l^^ i^i $ of ifij^lws 
bismuth aarrot ami 
©wiiril feew^ft in i^ifeei© wiiwiongth® wilifi 
t h « o wportod WartngS end 
t!i©0 to 0i2 WtoJli my^  wi^ irioi tin© 
to obtain t b w bai^ 4iMpmim to 
positively icS<mtily ^uo tp tho Xfi^ iii® 
looloculoo Th«iy t^m^i thwu ban^ ufitemi Itt^ j 
A (3470 S ^ 3640 th® sy&toia B ^3370 8 • 3S40 S ) 
the 8y&t#m C in 26S0 % i^giori, i^mlio oniS aside 
^ d^tnlled tot&tioml amilyttie «>£ tk& bawda lying 
2630 S 
• SXiO S sro l^ofif *tif0jp3p®4 fey ttiom as tlie fyndoiasin** 
tul systsa. Tb© upeetjmm viae xacoriJed in ^bso^ption 4n 
a dini^^fetop of "ttief ^Iw 
tbe Wtesn lylii^ In tli® 
rofion 3300 S J S ifi the tlit3«3 ift^m 0f thu 
bi^ t mul4 irdtailonul sn^iyk&c&mti ol 
wtlaiJf^iiig m thi» m0,mu 
Yminj^ k^ jtr Winana' ptioie^sfipliti;! tlso 
©f yiiir»9 8 fi^tsro abinrptiw 
nin§ trii^ ewr of Indium ONlojri^ o^ in tlii*^  tliiiKl oss^ t^  of 
/ 
diiporsion.ifMa 0|#1??3 uridi ije^oltririf pswot iMaif^td 
m9 ilW jpotattoal i l M i of (o* OH Al 
I I 
f^Kl ( I t tho iWIC sycjt©© (Of 0| 
« f the WK) toritilitd I t i^ 
th0 lot f t a t o A iii^ Xf tn 
cofttTast to the v^lwo diftniK;® 
(ir^ a» 2#321. H) tho sMwnd itutt^ iifetaiifiod Istf 
ana ninsm^^ the mlm obtained hf V^ttgner awd wina*!®^ 
( i * m 2*399 S) ^thif* til® 
ejfsrojft with th0 vaiwe » t torn tfjo 
aiioiscMWQ ub^wtion ©siportefit by arsd sa^ ndol^ * 
Ycyfigiioir and Winum'^  utiXistd tlw siJwetuifo of tho (Of 0) 
th© MX m it wa® to deteafinim} ttm 
of tm Q in th© ^eftti ^ f tfm ^m 
find tm mU%it»ml i^a ^mwMi it^lj^, 
U mlm^ for th© CO, a) hm^ of th# M nfi^tm qimn 
tn to tliG 4jrioly0iit 0I 
the sy t^imi th© piposof^  immtl^^tim wnteialian* 
fhe ntniet^r© of dU tis® fear^^i IfiCl lyto^ in tho 
3400 fl I i^s w ^ t s i ^ in falu^iw th© 
oipd^ sr sf a I t fec^^iftf a 
mmlrnim tfe© ae^tiitteiii 
U tm « f th# (0, 0), Cif 0) ai^ it) ©f M 
^Y^tm mm tontiflcMi aM maswfiiil* flit atsryetyj^ ©f 
th0 cffehi&:r banda i® w aeewifato 
moBSuj^ aonto» tlici tklf s t o pure** 
/ 
Of B atonf Q Isjramili ^ ^ mm and H bmeh^ 
Hkj analyal^ t f ishos® Ijsjna^ U gimm in tl!ii« 
t)ran»ition iwelv^d In tfm 1® 
tho csmltoion of tfCt wm 
in tah^f liaviyj® u y l M r t o l itialtoi ol^trotdos 
pine^d mmiQllf ^lon^ tfiK of th© iiBCh&tg& t^n^ 
» era III tofth 0 sra in l^i^ astoi?^ Pum s w l o ©f 
I f^ lm ©.0tf?i along tl!t(@ J^ ongtii of tht 
tiM^ dc^ytotcd ©f ehtoldo was pXiicod 
tho to m s^esnsaty e h t e i w , rirst 
dlselifiaf^ c^  twb^ evacuated md f i l lod with ihellyni 
qm ^p^^^jiimtel^f at » ata Thc^  ©otsl wiss 
l&y ttas^ilcwji* Qpph/lr^ 
40CO wiist mith m liii^t kil&aM pprm 
Tte oosif tJn^ j q^t f 
ciowtly to isvolve fmos^di^y ehiojpin^^ fho cotew r^ ol' iho 
litt»Qjn§ff The intunsitv of tlio 
wa® !§© that i t ©nlv ^ mlmit^ i 
thQ ntiijr wtomsj oil a m4im Qwaafts spoctrCN^ 
9rapti. Th0 b©fMi lyif^^ in tJie mgi^n 20SO S saoo S* 
cjuite wak in (sjjiltsiori* to tlic^ digcliairgd was 
m9 tho of tho twiao was mtf short QfMjt cm 
twl>© latt<id fot 30 only, Lstor afjdt^^r toclwiquo 
to axcito bund nygtos ainuh^rgo 
pwsfa tai^l® af ao !! tybo imdo 
df qyiurts and 3. m t^eaeitesp toetifeo^ ift tm^lmn 
lisjfit ^mtftjfisted I^ Y 
^yfficicHfit to tntit atwl erKt'lt^ r^apcmr&t 
^ctUG ebttiWadi ftem both ih© o^ehRl^ usss ^mm tho 
J^ieespt f^r tM ^ l l f w w t tliat int^trssity cif ti^ o 
s^iirco ©Kciw by ideewnw gens^xttor m ^m^ 
pawd td tllp tramf©flips' aischai?^^* t te OKpostir^  ttoo 
t«j /ib© j^ tetaewn io t te tedtef aff a f t 
mmtnq spoetifoftaph imm 41 miuMt^ u 
hm^ tm tli0 tirois^fow^r Bt^ 4 t«> i 
fdsr rniix^mm Hie s^seew isij^ilf 
aa ^ l i ^Uting wao blatod ot S in tko. ^ t o t 
All fesRrfs I f iis^ In tim rcsnioa S40© t • ^ ^ I 
m iMof^ sfi^ a w pinto« 
ede Bpmttm vm mod m ^tj^t^irliiof^ ^^tt^* 
'th® mpm^^ of mmmmml pswiouslf is 
of thfi mdm of ^ ^m ©harj^  llitot M 
for pcoad 4Uium JLifwi© iri this 
i m , . , „ m m 
M I of ttils ©ystma am triolot ^©gradQa 
ni H-
(V 











w c+ (V 
3 
CO 











£X fl> ti 
1 
^ hi§9A m tht tltoitar mmlmni^h titft btiriQ tii» t t m ^ 
d Xfi ^ 0 acK|iioii€0 th« f i m t mwiteer is ¥«iir 
iMormo a# €Cii|)ax«K} to ( i t mtd the 
miiiHi'l i f t abMHVl* aiid se(|U0f«oii 
h«m fmm te f iiro tm s^>9m nil of i h ^ ns^ cpit^ 
itiro»9 bMt to i t i t ptemM^ 
t0 m&mim ttio ntxtietot of tli& f i f » t 
th® s<jK|u«3nce la t m m»k be w e o s ^ at 
h i ^ Unit thi«@ ^mvi^ O^f 0)t Ut 0) 
COf I) hmm tmm ^mm fm 
th0 reproduction of tiai (0, 0) foandt tht A^ X 
«V9tm givtn in Figa^i and 2 to»pe«t iwiy« 
9tmt i i r « of tlitt A (Of 0} bond tho^ th« pvimiinot « f 
t»io brooches m obBmsmd toy ifoungi^ ^^ wlrmmT 
I t •oon vosy f t m Pig«2 th«t th^ stjmctur« 
of fNt f^  (Of 0) ^m^ of iitii^o f t Q M B l>irofi» 
ehm* tmt tho h&rd htod thoro is a BinQla ^mim of 
i i n ^ vi^idi i lM ly iMmKlefiocl ^ « fMtnvdi 
ineolvciclt At • e m i d M l i l o dH t^itnoo f m tls» band htod 
# M^tivttiy int«mo n bs'msk top^iratcs out fwm tlw Q 
toineh m i at tl i i i |)0&fit idm fetu^nii^ P fudoa out* 
, «n „ i tffi^ i at W 
Yl»« Q htamh of t l ^ Iwnd l i i i f t o t ftottwi <iii| 
^ VCop)-^ 
N) 
n rs »-» 




























vQ H QJ C+ H« a 
M 
o H a ft> H 
^Qcu; 
ft ©-fsttaaMtlc { w o c i frnm 
ht yimii^^tr and ttiWist r l^ati-itro m^ibQ^t^ 
tetuch^ hm by twi&U 
tiisiii t^iati^Ri 
nm ^ Q0} ta oCM) ^ ^ ^ 
m iiiJ) # » Q f j ) « I ' C ' W ) » 
mm tot 0U J fht ateoluto 4 iwfooslng 
hm fewa fimd imm tli© irciwws S ^ph wi^ h tot 
th© ©Ual^t H m %li@ ©biBtti0{?a at J « Hsfi^  
pmmi^ 3 di f fers unity fyo® 
f i w ^ Vewnfnoi? aod idriURat l^o alssdiit^ 
tho a tei^eti Wat v o t i f i ^ fev' ^ ^ pirmt^w^ 
HiO a torwb l3fV foimilt (mrnm 
Qis) « i^ o 
ftft Xm S mlm$m I f aCJr| i i piotlsyd agatot J<>Jl|| 
otraiQht iino is oMsiried vdth tlno 
03fdiiiat<i mi$ givou tho tmud am! slope? givoo 
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. Q CJ) values (winons) 
+ Q CJ; values (Present) 
JCJ*0 
2700 5S00 /t600 
I d 2 
tlKd cuvm pltM^ii and mlm th© band 
wifift ««fe ti^ lia iH^A}* fh^ 
m0mmi imlp© of itrntm^ ^ i^finaiw^ for Q head 
m^ bwd Is tmm th&m u ^k m^ 
i&^mm sf isaf'^ tli^ isto^oinio^ mlm 
totS mhi^ and Dbtaiwd ftm th^ ats^ewoci&iillwsdr 
vibl^ b <iiCf«?®s to^r m mmM ffiich tibisiri tho 
l^ urxl ojri§ifs m%ltm tm p»0€>«t and 
valws is 2BS74*l cm^^  Mth is in a 
with th^ dtet^wa Q lyiii^ a©5744i tla^ 
Ht© mmnmbm® of tht linoSi ijssi^pnonta urid 
©lajabifiatto .mm f^ivm in t&bho 1* Its© feio 
at nM cjfetiiiiied ft<3ia tM r^latitin® il) 
ar^ IS) 10^0 withia th® ren^ of tissp^ srissmiotai f^wor* 
tho ©y^tlaj^inf} ©f thn brm^m* 
ind of Mw 
mmm C^^i)^ 
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i ^ 1 
I t tte® that tilt mhio M B^ is 
tij hf Vkirigi^^ &M ^kmm^* but tlit 
of lis Micmm^* 
' ^^ iwimm) 
til© Ites frem tht s^f^ pli 
ZiS) iFlfSi^-J yf&Xm 
fudnod f fiswi 
ini0 asuigme^t for tUo towto Jt) n^ei 
( i f 0) tiat dew ^ ttw mf dt^erifeoi^ fo t tho 
{0^ 0} I t in pos i^bX© tc^  a «pto 
^ 70 oiily fcJ^ r tM feafid^ ^ t0 tho 
0f equally I n t o w (At tbamis^  m'^om 
A I F ( J ) Vs. J CURVES FOR THE 
Co, I) BAND 
143 
hm^ glimics In T i^to pL md XtX* tfe^ ©f 
^ 6iifwm&m ^^ mhxmi^ is v&f 
110© ©f M am giwn I f * 
M ^rgfseltlcHs te « A - X m^ism*^ 
tiofi ^fmt ^wmM ha fm tb^ |0» 
tef^ in mmt ef mnm ^vaium nW * f V ¥ t 
um * Uim} > QCJ^  i'P'J^l) 
Si tias toiuw mid tof pscwtos 
Cflle^c i^ai^ ^t wmitU mp&jcher^^ tem^mw m4 Mlmm^} 
that tt^ near iiitravioitt in ttm 
« f i^sffi T t e l l t o halidCfs td e ^ 7f I 
t r a^ i t t o i . tlse tJi*^ © eo^meut^ T^T 4iTQ well 























































































































































































































































































































































































































































































































































g l^ tW i m m - ^ tfeto mmr ^m to 
temiti^i^ hsm bmm sfeer^ fm tises© suDlocGiea* 
I M at B iwmpm^ 
t0 tfe^ tiiist ^TT^ 
sjlietild ibit I I , m ©tims'* 
m§im Mfo S * i- to M m a^si^i^ Isy 
m^ Mmm^ m iwm Ifct 
^ 0 ^ torisli mm P M U* 
tin ^tmM nm pf^ sj^ c^ nc^  of tingle^ 
Q mm M tenefeo&t » 0 ^ a i t f « r 
t f t t w te ^ m^j , In 
m ^ ^ sitsfte ^itti timt f r m tbe ^mittd 
Ifees state 
ttiiQ fep© arl^ Kaa isi;©^  
a — 
mX'SMm^M fwtntter^ tim iisw^at u l e o 
t w i l c ccssif igwratioo of tlis iwclL m& ladtitm 
sm 
IMs hm tJine© mpmmm 
tilt i^sfiimi ^ tJte v^xl^sj® 
ttellfe© Cmi i eh^ l ^  
/ MtUonic-
pmh^^l^^sm^ m t alsis at fswa 
the iDf ^miod ^taito 
^ id to ^iMmsiM^ tist# tn 
ana CI ^ ^opoe t i ^ l . 
states ^ tfes In aiU d . fite^* tli^ ©Ss^tronic tcsias '^ei 
©ao tiQfirisfei t tm ift ^ CI ©ii^l^t 
iBBRit^  l i i i l 
iEt ilst^ssaiiilf^ tl© pEoij^ JLe 0m mst ^ tlxc*®^  "tweLc-
O^IPCit^ llHi A i d !l«3f|lS« 
mliei At tsm mm ^ m p of 
t&bl& m M M n l m h&s ^ ©XsCfCtoa® 
with tkr ^^ ^^ ebtotei 
lia® ^tetriafw \ffitli tb© comfl^mratloci 
^ ^ Tlie be 
ti) haim Sseett Iwaad t^ if tj^Httlnti umiteidi atoa tim 
1^2 
^mu ^ ^ ^ ^ 1ti# ml^ 
mlm iJtat© tliat wsijiit® ^plitti^^ to a t e ate© irsi 
i ts iflttt. etnte % ^X* • ^ amp&wtwm 
f t » Hi© of iHiltM 
m& ^Wm nk&m tliat U l-mm^^ ^ 
i 
#11 til© states ^f tli® Aljei di^tetjle ^isl 
'©I?? ^ger^igwatiim ftm ^ fimt 
naif bs n^ 
MiH ^ TT sM ^ y 
ll^^dh^r® lii^ m% ^ IT %mi ho nm 
ftmt wit^ stste in all ^ 
UtQ miitmi atcss i^ieo^eit t ^ 
^onfiguraUm ©f slinc is ^ s^toteli rig® 
to % sud % tho t^^m th^ tsuJUK 
tli^t b5f apUtttrif ^ zinei ate® in its 
uadeit&^ l asr® and • 
tlw Ciut of aPCiA^ lrdfs^  X^'mrstja statGU 
teim^ i »m tls» Mtm ^A ho 
I m ^ t m f t o t ©acclte^ sstflte^ 
Use iiam mt ®rif A ©tat© feyt 
mlt T M 7\ ati^^ ailifig mt ttm pSfSaiasiMtf «3€ 
irfcat©* TH^  fioal; to Ifiingi i t ^yy 'siiicl^ mu 
rnvmi^^ ^ 71 stats otetntod t tm tli<i 
-to iirut eKisitml ^tatt. 
Tkisj imitad ami soparstod apr.i^ isa^ h aleri^ 
f^xth GhjGtTm&c coMi^y^^atior- th©* ^jr 
smt ZikGlf tm iXmt ofe^it^^?^ states of th® AJCl 
^Imtsmls cooffifssMtiOTt fm t te 
l^ sfid mf b© l^imcf m 
U <r f i v ,r f C ^Xl'^ IJS ^  ^ Xt 
fm chiiX^tyr « f the? ) m^ f^x ) o^rbital^ 
is stoest the aft tliUMs is a l ltthf 
ttie fjcecit'ieiiclQG tl^ 0mtn$ ami • 
^xclti^ ststcfs of tho B^ X ^fntm of lr€l mJlocuiia* 
1 
m f tm&h 

tM tmsia mmi^jd Qmm'Mm Btmms m 
t£m si^mr mumm naitai mimim immEs® 
sylisaittml tcs ma w i t ^ i t y ^ 
if ) pai^ti^il fulfiljs9«t cf£ mu fi^* 
^ Decree of Doctor l^l^spqp^ ift Pli^ics.* tocarltoes 
In t t o e Hio rctati^ml ^ ^ f-fstei 
of tbm ElBsr und tte M si^tosj ^ 
th^ ifCX aoleoil^* Tm i^pectoi^ ttois lialito Jisaw fca^n 
m c i t ^ igith ^ tiolp of « 24^ tajlafcw^ 
ascillat^sr ©3 w l i as ^ith m isiga-t j i l . l i » t t 
"to sji^ fetoisa of tlse vislbi© 
Cif tho Pte Ksoliifcwie in tha s-ogto t -»• t tio& 
IsTOfi 2J0 t^ s^ftcfe ha^e tof^ 'Oljuwtsd its tliG^  
l®es>Df3t ftxper&a^ttt of ^Idc^ tmly roccrtfodi iff 
the sasaB a® ^ j^ftsS i^^  Siofgsa fsross 
tJma jrot^itl-cfjal erf s^ siss of t i^ i&f 
this hofsn £«cordcKl in mri^ of a 
f t ^sTiitlr^ m ® of 
^m tfci© fmT ^m^ 0w ^U 
b&TO for of t t » Ijsuds utjd thsf hm '^ 
a 




J _ -'I / XD J ^ ss 1-0 X 10 " crryy"- , J)^ ^  lo" (Vvm'^ 
(mm S ^ % -Sfe^  SSlar ha^ ^mt-
In m to^ ^f e f t eiwscasr^  tp^atii^ 
s^aiwtiiw of tMOsim to boeis 
mu^lm^M A eu^iysSs iB^ C^ ,^  
Cl©« l)^ Clp stJd C0# t | Iwds tJils wf^tm 







m ^twctii^ tfe# pmi^mm of only P 
B s^tofli t© ^ leiaLlsr t « tlio-
i^isible h&ti^ tifmm tli^ , iSjtt ©steiulo -S 
esse {€| i w ^ TTIO'^ I towitto Iw^ boGn 
^cccfrti of ^ f t grsttiK^ ^pgat^ ogsraists* 
tilt f^iAtisMsi ®f 1M CO, i> ^pS (U 
tim snal^as of two imm 
emxiM mt te th^ tim^^mimtlm c^S tiio- toicsidsig 
" b! » QMm oT^ BZ ^ cm*^ 
t* M 
cpCe » 8 3£ CRT^  ^ e % MS 
tte^ T^OUSKS atats iij'tetifjijscile^ i^sta^se® 
agrees fdth that t^tated tcwigrs^r ansS Mmm f^m 
tlioc® fosf tfj© s tat^ In nm tmmltim of tlai® 
IsaisKf airs^m hw® ten M & c^ri^latisfi « f th£s 
WfiitOsS swS 8t<jia laod^ X apfsro^ ssh* 
